Objective: To compare the performance of Epworth sleepiness scale (ESS), sleep apnea clinical score (SACS), Berlin questionnaire (BQ), and STOP-BANG questionnaire (SBQ) in screening for obstructive sleep apnea (OSA) in patients with chronic obstructive pulmonary disease (COPD). Methods: A total of 431 patients were analyzed. All subjects completed lung function test, ESS, SACS, BQ, and SBQ survey and overnight polysomnography (PSG). According to lung function and PSG results, participants were divided into COPD with OSA group (OVS, AHI ≥5) and without OSA group (AHI <5). The value of ESS, SACS, BQ, and SBQ was compared in predicting OSA in patients with COPD by receiver-operating characteristic (ROC) curve statistics. Results: Of the 431 subjects, there were 96 cases in COPD without OSA group, and 335 cases in OVS group including 183, 96, and 56 cases of COPD combined with mild, moderate or severe OSA. In predicting different degrees of severity of OSA in patients with COPD, the value of ESS was poor with all the values of area under the curve (AUC) < 0.7. SACS and BQ had moderate predictive value in screening for severe OSA with the value of AUC of 0.750, 0.735 respectively. However, the SBQ performed best in predicting various degrees of OSA. For screening mild OSA (AHI ≥5), the ROC statistics recommended the cut-off score of SBQ >2 was considered high risk of OSA; the sensitivity, specificity, and AUC were 92.8%, 40.6%, and 0.723 respectively, the odds ratio (OR) was 2.161. When AHI ≥15, AUC for SBQ was 0.737. In predicting severe OSA (AHI ≥30), the ROC curve showed cut-off point, sensitivity, specificity, and AUC for SBQ was >4, 66.1%, 82.1%, and 0.824 respectively; the positive and negative likelihood ratio was 3.70, 0.41 separately, the OR was 2.977. Conclusion: SBQ performed better than ESS, SACS, and BQ in predicting OSA in patients with COPD.
Introduction
Chronic obstructive pulmonary disease (COPD) is a common lung disease and an important cause of impaired health-related quality of life, disability, and death worldwide. 1 Similarly, the effects of obstructive sleep apnea (OSA) on health are increasingly being recognized. 2 OSA has been listed as one of the major comorbidities of COPD 1 and the term overlap syndrome (OVS) is used to describe the coexistence of the two conditions. 3 Overlapping of the two conditions makes the pathophysiological changes more complex and causes more serious hypoxia and hypercapnia, which may promote cardio-cerebrovascular events, even pulmonary hypertension. 4, 5 Ignoring treatment for OSA in patients with OVS may contribute to increasing number of acute exacerbations, hospitalization, and mortality rate, as well as the financial burden of COPD patients. 1, 5, 6 Therefore, identification of co-existing OSA in patients with COPD is of great significance. 2 Diagnosing COPD is relatively simple and cheap, 1 however, as the gold standard for diagnosis of OSA, inlaboratory polysomnography (PSG) is high-cost and timeconsuming, 3,7 more often than not, it is difficult for some patients with moderate to severe COPD to perform a full night PSG. Given that, some simple and efficient clinical screening tools were developed to prioritize the suitable high-risk cases for further overnight PSG study. Although several clinical questionnaires have demonstrated clinical utility for OSA evaluation in various populations, [8] [9] [10] [11] [12] [13] there are limited data regarding these tests in patients with COPD. In this study, we aimed to compare the performance of the Epworth sleepiness scale (ESS), sleep apnea clinical score (SACS), Berlin questionnaire (BQ), and STOP-BANG questionnaire (SBQ) in predicting OSA in patients with COPD (Supplementary materials show ESS, SACS, BQ, and SBQ questionnaires).
Methods Design
This was one part of a prospective, observational project entitled "Study on the diagnosis and treatment of obstructive sleep apnea in patients with chronic obstructive pulmonary disease", which was supported by the National Key Research and Development Program of China (project number: 2016YFC1304403). Primary and secondary study endpoints were the number of acute exacerbations and all-cause mortality in COPD patients with or without OSA respectively. The present study analyzed baseline data for eligible consecutive participants in order to compare the value of the ESS, SACS, BQ, and SBQ in screening OSA in patients with COPD.
Participants
From Dec 2016 to Dec 2018, a total of 476 consecutive patients with suspected COPD were enrolled as the study candidates, those who met the inclusion criteria and exclusion criteria were enrolled as study participants. The inclusion criteria were: subjects aged at least 40 years old with a diagnosis of COPD conforming to GOLD guideline. 14 Candidates were excluded based on the following: 1) those were less than 40 years old or pregnant; 2) patients with evidence of bronchial asthma, bronchiectasis, pulmonary fibrosis, intratracheal neoplasms, destructive sequelae of tuberculosis, etc; 3) patients with combined other diseases affecting survival, such as neoplastic diseases, renal insufficiency, or acute myocardial infarction; 4) those with history of stroke, heart failure, neuromuscular, cognitive impairment or other mental and psychological diseases that would prevent completion of pulmonary function test, questionnaire or PSG; and 5) those who had other sleep disorders such as obesity hypoventilation syndrome. The study flow diagram was shown in Figure 1 . 45 cases dropped out of the study, of which 22 were unable to perform lung function test because of severe condition, 19 did not tolerate or refused to perform PSG (6 did not complete lung function test also), and 4 for had incomplete PSG data. Finally, a total of 431 stable subjects were included. The study procedure was approved by the Medical Ethics Committee of Renmin Hospital of Wuhan University and was registered in ClinicalTrials.gov (Clinical Trials ID: NCT 03182309). This trial was conducted in accordance with the Declaration of Helsinki and written informed consent was obtained from all the study participants.
Study Protocol
Patients were initially eligible to take part in the study if they had suspected COPD (having history of exposure to 
Lung Function Test
The completion of lung function test was guided by professional technicians by using a spirometer (MasterScreenBody, Jaeger, Germany). The diagnosis and severity of COPD were in accordance with GOLD guideline. 14 Those with a ratio of FEV 1 /FVC of post-bronchodilator <70% was diagnosed as having COPD. The stratification of airflow limitation was based on post-bronchodilator FEV 1 %.
Questionnaires
Epworth sleepiness scale (ESS) is used to measure drowsiness of subjects in different situations during the day. 15 In China, a subject with a score of ≥9 is considered at high risk of excessive daytime sleepiness. 16 Sleep apnea clinical score (SACS) is used to assess sleep apnea, 17 those with a score ≥15 are assumed to be at high risk of OSA. Berlin questionnaire (BQ) comprises three categories including 10 questions, high risk of OSA is defined as ≥ two positive results of the three categories. 18 STOP-BANG questionnaire (SBQ) is a tool involving 4 dichotomous items and 4 clinical parameter items, a score≥ 3 is regarded as having a moderate to severe risk of OSA.
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PSG And OSA Diagnostic Criteria
All subjects with confirmed COPD underwent assessment of sleep events with a multichannel sleep diagnostic system (SOMNOscreen Plus Tele PSG, SOMNOmedics GmbH, Germany) in the sleep laboratory for no less than 7 hrs monitoring at night. All tracings were manually scored according to the American Academy of Sleep Medicine criteria. 20 Subjects who experienced AHI ≥5 events/hour during sleep were considered to have OSA. Depending on the AHI, OSA severity is divided into mild (5-14.9), moderate (15-29.9), or severe (≥30). 20 
Statistical Analysis
Descriptive analysis was performed to compare COPD without OSA and OVS groups. Measurement data were presented as mean ± standard deviation (SD), and enumeration data were expressed by frequencies or percentages. For continuous variables, comparisons between OVS group and no OSA group were made using independent t-tests for normal distribution variables and the Mann-Whitney U-test for non-normal variables. The chisquared test or Fisher's exact test was used for categorical variables. All statistical analyses were performed using IBM SPSS Statistics software package (version 23).
Receiver-operating characteristic (ROC) curves were constructed to assess the performance of ESS, SACS, BQ, and SBQ regarding their value in predicting OSA in patients with COPD. The optimal cut-off values of the four questionnaires in each OSA severity group were determined. Sensitivities, specificities, positive and negative likelihood ratios, and odds ratios were calculated for the optimal cutoff scores at various levels of severity of OSA. The response was dichotomized using all OSA (AHI ≥5), moderate to severe OSA (AHI ≥15), and severe OSA (AHI ≥30) as the thresholds. Differences in area under the curve (AUC) were calculated using the method of DeLong. The analyses were performed using MedCalc software (version 11.4.2.0). All tests were two sided. Statistical significance was considered when P-value was less than 0.05.
Results
Demographic And Anthropometric Data
Of the 431 patients with confirmed COPD, 388 (90.0%) were male and 43 (10.0%) were female, with an average age of 67.4 (±8.9) years. There were 96 (22.3%) cases of COPD alone and 335 (77.7%) cases complicated with OSA. Compared with COPD alone group, the patients with OVS had higher age, body mass index (BMI), neck circumference, smoking index, FEV 1 , FEV 1 %, AHI, and percentage of total sleep time with pulse oxygen saturation of < 90% (TS90%); however, the lowest pulse oxygen saturation (LSaO 2 ) was lower ( Table 2 . In the eight questions of SBQ, the rate of habitual snoring was > 60% and the proportion of patients > 50 years or male gender was more than 90%, and there was no significant difference among the three groups (P>0.05). However, significant differences were found in the ratio of daytime fatigue, witnessed apnea, hypertension, and neck circumference > 40cm (P<0.05).
In COPD with severe OSA group, the rates of witnessed apnea and hypertension were 66.1% and 50% respectively; moreover, no subjects had BMI of > 35kg/m 2 . Figures 2-4 showed the ROC curves of the four questionnaires in screening different degrees of severity of OSA. The optimal cut-off points, sensitivities, specificities, positive or negative likelihood ratios, and AUCs were compared in Table 3 . In screening all OSA (AHI ≥ 5 events/h), ESS, SACS or BQ were poor with AUC < 0.7, while SBQ had a delightful effect. The optimal cut-off point for SBQ was > 2, with sensitivity of 92.8% and specificity of 40.6%, and the AUC and odds ratio were 0.723, 2.163 respectively. At threshold of AHI ≥ 15 events/h, the AUC of SBQ was 0.737, whereas that for ESS, SACS or BQ were all less than 0.7. To detect severe OSA (AHI ≥ 30 events/h), the ROC curve recommended optimal cut-off point of SBQ was > 4, with good sensitivity, specificity, and AUC of 66.1%, 82.1%, 0.824 respectively, and kept the highest positive and lowest negative likelihood ratio (3.70, 0.41) and high odds ratio of 2.977. SACS and BQ had decent predictive value with AUC of 0.750 and 0.735, respectively. 
Pairwise Comparison Of ROC Curves Of ESS, SACS, BQ, And SBQ
The results of AUC pairwise comparison among the questionnaires were shown in Table 4 . SBQ held bigger AUC than SACS, BQ, and ESS in predicting various degrees of severity of OSA in patients with COPD (P<0.05). The AUC of SACS was relatively larger than that of BQ (P = 0.067) and larger than ESS (P = 0.049) in predicting moderate -severe OSA. In screening different degrees of severity of OSA, the AUC of BQ was bigger than ESS but there was no significant difference (P>0.05).
Discussion
Diagnosing OSA in COPD is clinically relevant because untreated OSA has been associated with poor health outcomes, 3 however, it remains underdiagnosed and 23 In the present study, we evaluated the performance characteristics of ESS, SACS, BQ, and SBQ as screening tools for the likelihood of OSA in patients with COPD. We found that SBQ performed better than ESS, SACS, and BQ in predicting various degrees of severity of OSA. Our results showed that the value of ESS in predicting OSA in patients with COPD was unsatisfactory, which is in line with results of other studies. 21, 24 In screening severe OSA, the value of AUC was only 0.676 and the proportion of ESS ≥ 9 points was only 57.1%. Relatively, the effect of SACS was decent. In predicting the likelihood of severe OSA in COPD patients, the ROC curve indicated that the sensitivity, specificity, AUC, and positive likelihood ratio of SACS was 69.6%, 71.7%, 0.750, and 2.46, respectively, similar to the results of Grover et al's study about primary care populations. 25 Flemons et al suggested that a score of SACS ≥ 15 had a likelihood ratio of 5.17 in moderate and severe sleep apnea (AHI≥10) in the general population; 17 while Faria et al proposed that SACS had more screening value than BQ and ESS for OSA in patients with COPD. 23 However, in this study, the percentage of SACS score ≥ 15 in COPD patients combined with severe OSA group was only 28.6% and the optimal cut-off point of SACS was small (>7). Therefore, the practical application of SACS in COPD patients was limited, the low SACS scale may be attributed to the small neck circumference and relatively low incidence of hypertension. In this OVS group, the ratio of neck circumference > 40 cm was only 17.6% and the incidence of hypertension was 37.9%. Soler et al found that traditional OSA predictors (age, gender, neck circumference, and ESS) did not perform well in patients with more advanced COPD. 24 Our results also showed that the value of BQ in screening for OSA in patients with COPD was similar to that of SACS. For severe OSA, its optimal cut-off point, sensitivity, specificity, and AUC was >1, 64.3%, 72.5%, and 0.735, respectively. The application of SBQ to screen for OSA has been recommended for its better predictive effect in different degrees of severity of OSA and clinical application compared to other questionnaires, [26] [27] [28] [29] however, there has been no comparison of SBQ with other tools in COPD patients. We found that the effect of SBQ was better than that of SACS, BQ, and ESS in screening for mild, moderate, and severe OSA. For predicting all mild-moderate-severe OSA, the sensitivity, AUC of SBQ was 92.8%, 0.723 respectively. At the threshold of AHI ≥ 15, SBQ had the AUC of 0.737. In predicting severe OSA (AHI ≥30), the ROC curve of SBQ indicated that the specificity and AUC was 82.1%, 0.824 respectively, along with the positive likelihood ratio of 3.70, negative likelihood ratio of 0.41, and OR of 2.977, which suggested that SBQ had good performance in screening different grades of OSA in COPD patients. In this cohort of COPD patients, the optimal cut-off point of SBQ for predicting mild OSA (AHI ≥5) was >2 with a sensitivity of 92.8%; for moderate OSA (AHI ≥15), it was >3; for severe OSA (AHI ≥30), it was >4 with a specificity of 82.1%, and the proportion of patients with SBQ score ≥ 3 was 100%. It was reported that SBQ score ≥ 3 had a sensitivity of 92.9% and 100% for detecting moderate to severe OSA and severe OSA respectively in preoperative patients. 19 In obese and morbidly obese surgical patients, SBQ score of 4 had the sensitivity of 88% for identifying severe OSA. 30 A review by Chung et al summarized the application of SBQ in various populations and concluded that patients with SBQ score of 5-8 can be stratified as high risk for moderate to severe OSA. 26 Because of the heterogeneity of populations and methods, SBQ showed various effects. The high sensitivity in screening all OSA may be helpful to avoid missing cases that may lead to advanced health consequence, which may be more useful for detecting OSA in patients with COPD. We might conclude that in this study of COPD patients, a score of SBQ ≥3 could detect OSA and a score of ≥4 could identify high risk for severe OSA. This study proposed SBQ as a preferable epidemiological tool and clinical screening test in patients with COPD. The advantage of this study lies in the fact that the accuracy of the four questionnaires was validated by an overnight PSG -the gold standard for diagnosing OSA. Also, some limitations should be acknowledged. First, the prevalence of OVS was 77.7%, which was higher than some reports 3, 31 and might be associated with the different population and different diagnostic methods. 32 Second, the enrolled subjects were from hospitals rather than the community population and therefore, there was likely a population selective bias. Finally, symptoms of patients affected by COPD itself, for example, patients with severe COPD would suffer from depression or anxiety, insomnia, poor sleep quality or daytime sleepiness. 33, 34 Therefore, more research is needed to validate the utility of SBQ in various COPD patients.
In conclusion, the present study showed that SBQ performed better in detecting different grades of OSA in patients with COPD when compared with ESS, SACS or BQ. A score of SBQ ≥3 could detect OSA and a score of ≥4 could identify high risk for severe OSA, which indicated that SBQ may be used as a preferential tool by clinicians to screen for OSA in patients with COPD.
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